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Description 

Technical Field 



[0001] The present invention relates to a transmission/reception apparatus, and more particularly to a multicarrler 
transmission apparatus, mu.licarrier reception apparatus andmu.licarrier radio communication method mUltiC8rrler 



Background Art 



Cation IS?? COmmUnicat ;° n ' 8 mobile communication in particular, not only voice but also various types of 
.nformat.cn ouoh a* lmag e S an d data a ,e becoming objects of transmission in recent years With anticipation i o 'in 

and faster transmission will be further increased. However, when high-speed transmission is carried out in mobile 
communications, Influences of defay signals caused by multipass will grow to such an extent that tnov are 1 
neglig ble .and the transmission characteristic wil. deteriorate due to frequency sel^rve Tading * ^ 

oyotcJ H3 a techno^ ° , ? eqUenCy ' ViSi0n Mu,tipl6xin ^ system is ^acting attention. The multicarrier modulation 
pJessTd to a 7£S££?, t ' ansrn,llm9 1 data usln 9 a P |ura)i, V « ™™ (subcarrier.) whose transmission rate is sup- 
a resuh Th :OFD iZt '"T ? * '* 3 " d thereby achievin 9 transmission as 

moduli T PB TT 13 3 SySt6m With ,he hi9hest ,requenc y uti,l2ation effic ^ncy among multicarrier 
£atec a ^SV^tem Z^hl! 86 a , P ' Ura ^ SUbCarrierS in Which data * ranged are orthogonal to one another and It 
s ttcuJT^TJT ' mp,8menteo ? n a lively simple hardware configuration, and therefore the OFDM system 
is a focus of particular attention and under study from various angles 

Srri e r X ll Pl ? S0, r!, UC H f f " indUde " Performance of a Mu,tile ^' ^ansmit Power Control Scheme for the OFDM 
SSpToqo 7^ R P r«nno°«n ?l°" SySt6m " <Dy Y ° Shiki ' Sanpei a " d M ° fma ^ TECHNICAL REPORT OF IEICE 
SSE2000-71, RCS2000-60 (2000-07), pp.63-68) and "Performance of the Delay Profile Information Channel based 

hons of Instate of Electron.es, Information and Communication Engineers, B, Vo.. J84-B, No.2, P p. 20 S-21 3 (February 

SJnn 6 ' a T 6 T i0 "J S deSi9ned 10 impr ° Ve ,he Sensit,Vity of lts «** b V eoiftolUng transmit power so that 
he receptton situation of each subcarrier becomes constant as shown in FIG.1 A through FIG 1C (hereinafter referred 
to as conventional system V). Furthermore, as shown in FIG.2A and FIG.2B, for example SngsuSw tS 

f n 0 ^2i C °r' ' S PSrf0rmed ' n SUCh 3 Way 3S * preven « using subcase. I oj ^rtceptT gCa^ 

in order to reduce transmit power (hereinafter referred to as "conventional system 2") 

K2S F^sTth^ SySlBm 1 CO " Vanli - a ' e vetcm 2 have problem, e8 follows. 

Snri^T C ° nVent '° r,a 5ystem 1 9 ives 9 reater e "ergy to subcarriers whose power decreases in a propagation 
path durmg transmission ^and gives smaller energy to subcarriers whose power increases in a propagation path during 

T^i JUSTrT SinCG . the f °" Venti0nal s y stem 1 carries out transmit power control for each subcarrier, It is neces- 
such as SSL 8nCe 3 tranSmiSSi ° n Signa ' ,or ever y subca ™ r whe " partying out multi-value modulation 

sS toTend^inn 3 "?' °; der l ° d r° dU,ate reception information, the conventiona, system 2 requires a base 
station to send position information of subcarriers not engaged in transmission (that is ones not assianed transmit 

rooTo^ 

tKL* \ u 9 1 ° ^ conventional svstem 2 . when there are subcamers not engaged in transmission 

For exTmo e to a n^p* "7^™* b9 deCreaSed ' preVentin 9 information *™ being tLsmitted corS.' 
moriuS^™ f P R of suborners #1 to #7 shown in FIG.2B, there aro too few tranemiseion carrier* to de- 

pur^^^Zf^" ,mPr ° Ve ,hiS ' COnven,iona ' ^ 2 red "oes the number of transmission bKs by 
tmTtSSS^S T a . 9 ra,S and ,h9reby reducesthe error correcting performance. 
SduIL tot ^ ; conventlonal s y stem 2 tums OFF transmission by subcarriers of low reception quality which 
reducee total transmit power and reduces the Information transmission efficiency * 

farrld t„ TZTi * COmbmi ^ an OFDM s ^ e ™ ™<* * CDMA (Code Division Multiple Access) system (re- 

^^^rS^T ' C P MA Sy , Stem " ° f a,S ° 85 "C^DM-CDMA system." but refe'rred to as "MC CDMA 
th? CDM A Si?SS?i52: ? Pa l CU ' ar 3ttenti0n 88 a " 8CCeSS SySt6m t0 im ^ fimen » faster transmiss.on. Here, 
S i t V Pfead s P ect r urn systems which is another technology for coping with frecuencv selartrvp 

fading wh^h .mproves interference resistance by directly spreading information'of eachuse/on ^Z^^i 
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using a spreading code specific to each user and thereby obtaining spreading gain. I he MC-CDMA system will be 
described in detail later. 

[0013] When, for example, the above-described conventional system 2 is simply applied to this MC-CDMA system, 

the following additional problem occuis: 
5 [0014] That Is, according to the conventional system 2, subcarrlers not to be Involved In transmission are selected 

from among all subcarriers, and therefore if transmission of all spreading chips of a certain symbol In the MC-CDMA 

system is u.rnfiri OFF, the symbol will no longer be transmitted completely, and as a result the performance deteriorates. 

[0015] Moreover, if transmission OFF control is simply performed in the MC-CDMA system, the orthogonality of a 

transmission signal with multiplexed spreading codes will be completely destroyed and a signal being sent using a 
10 different spreading code will have completely the same signal waveform, preventing the receiving side from separating 

those signals. 

Disclosure of Invention 



* 5 [001 6] It is ah object of the present invention to provide a multicarrier transmission apparatus, multicarrier reception 
apparatus and multicarrier radio communication method based on a subcarrier transmission ON/OFF control system 
capable of improving the information transmission efficiency and reception performance while maintaining the number 
of transmission bits in an MC-CDMA syslem. 

[0017] It is another object of the present Invention to provide a multicarrier transmission apparatus, multicarrier re- 

20 ceptlon apparatus and multicarrier radio communication method based on a subcarrier transmit power control system 
capable of improving the information transmission efficiency and reception performance in an MC-CDMA system. 
[0018] It is a further object of the present invention to provide a multicarrier transmission apparatus, multicarrier 
reception apparatus and multicarrier radio communication method based on a subcarrier transmit power control system 
capable of improving the information transmission efficiency and reception performance in an OFDM system. 

25 [0019] A multicarrier transmission apparatus according to an aspect of the present invention is a multicarrier trans- 
mission apparatus that carries out radio communication by spreading signals in a frequency axis direction, including 
an acquisition section that acquires assignment presence/absence information on whether transmit power is assigned 
to each subcarrier or not and an assignment section that assigns transmit power for subcarriers with no transmit power 
assigned, to subcarriers with transmit power assigned, based on the assignment presence/absence information ac- 

30 quired by the acquisition section. 

[0020] In the above-described multicarrier transmission apparatus, the acquisition section preferably includes a re- 
ception section that receives reception quality intormailon on the leception quality of each subcarrier estimated on tho 
receiving side and a decision section that decides the assignment presence/absence Information based on the recep- 
tion quality Information received by the reception section (case 1). Furthermore, the acquisition section preferably 

as includes s reception section that receives the assignment presence/absence information decided on the receiving side 
(case 2). 

[0021] A multicarrier reception apparatus according to another aspect of the present invention is a multicarrier re- 
ception apparatus that carries out radio communication with the multicarrier transmission apparatus in the above case 
1 , including an estimation section that estimates reception quality Information on the reception quality of each subcarrier 

40 and a transmission section that transmits the reception quality information estimated by the estimation section. 

[0022] A multicarrier reception apparatus according to a further aspect of the present Invention Is a multicarrier 
reception apparatus that carries out radio communication with the multicarrier transmission apparatus in the above 
case 2, including an estimation section that estimates reception quality information on the reception quality of each 
subcarrier, a decision section that decides assignment presence/absence information on whether transmit power is 

45 assigned to each subcarrier or not based on the reception quality information estimated by the estimation section and 
a transmission section that transmits the assignment presence/absence Information decided by the decision section. 
[0023] A multicarrier radio communication method according to a stilt further aspect of the present invention is a 
multicarrier radio communication method fora multicarrier transmission apparatus that carries out radio communication 
by spreading signals in a frequency axis direction, including an acquisition step of acquiring assignment presence/ 

so absence Information on whether transmit power is assigned to each subcarrier or not and an assignment step of as- 
signing transmit power for subcarriers with no transmit power assigned, to subcarriers with transmit power assigned, 
based on the assignment presence/absence information acquired in the acquiring step. 

[0024] In the above-described multicarrier radio communication method, the acquisition step preferably includes a 
reception step of receiving reception quality information on the reception quality of each subcarrier estimated on the 
ss receiving side and a decision step of deciding the assignment presence/absence information based on the reception 
quality information received In the reception step (case 1a). Furthermore, the acquisition step preferably includes a 
reception step of receiving the assignment presence / absence information decided on the receiving side (case 2a). 
[0025] A multicarrier radio communication method according to a still further aspect of the present invention is a 
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luuzgj a multicamerradiocommunication methodaceordina to a still furthpr nf th« » 

S™, 1 . A mUmC f reCepti ° n a PP aratus according to a still further aspect of the present invention is a multicarrier 
!S5? * T SmitS thS reCepti0 " q,,{ " rty info ™ ati °« dfetad by the detection seetion transm. SS , 0n 

cr«.X„ , ' n "" m =" 0r : ac ' ulred < h ° "WHO- so that sobcarrj „h higher 
roowT ZI POWe ' T suta " Tie ' s ™" h ,0 ™ er rK!8p, " >n levels toe smato "«* >°™ 

IUUJ4J Amurticamer radio communication method accordina to a otill further n ,^t J\u 

JZ l^n . f °" aPPara,US USi " 9 ,hlS mu «*="*' radio comrounioatior, method, including TdSoh 
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Brief Description of Drawings 
[0035] 

5 FIG. 1 A Illustrates a conventional subcarrler transmit power control system and shows an example of a relationship 

between frequency and pilot reception levels; 

FIG.1B also Illustrates a conventional sub-carrier transmit power control system and shows an example of a rela- 
tionship between frequency and data transmit power; 

FIG.1C also Illustrates a conventional subcarrier transmit power control system and shows an example of a rela- 
w tionship between frequency and data reception power; v 

FIG.2A illustrates a conventional subcarrler transmiooion ON/OFF control oystem and shows ran example of a 
relationship between frequency and pilot reception levels; 

FIG.2B also Illustrates a conventional subcarrler transmission ON/OFF control system and shows an example of 
a relationship between frequency and data transmit power; 
is FIG.3 is a block diagram showing configurations of a multicarrier transmission apparatus and a multicarrier recep- 

tion apparatus according to Embodiment 1 of the present invention; 
FIG.4 illustrates a state of an OFDM signal to be transmitted; 
FIG.5 Illustrates a slate or a subcarrier arrangement of an OFDM eignal; 

FIG. 6A Illustrates a subcarrier transmission ON/OFF control system according to this embodiment and shows an 
20 example of arelationshlp between frequency and pilot reception levels; 

FIG.6B also illustrates a subcarrier transmission ON/OFF control system according to this embodiment and shows 
an example of a relationship between frequency and data transmit power; 

FIG. 7 is a block diagram showing configurations of a multicarrier transmission apparatus and a multicarrier recep- 
tion apparatus according to Embodiment 2 of the present invention; 
25 FIG;8A illustrates a subcarrler reverse transmit power control system acoording to this embodiment and shows an 

example of a relationship between frequency and pilot reception levels; 

FIG.8B also Illustrates a subcarrler reverse transmit power control system according to this embodiment and shows 
an example of a relationship between frequency and data transmit power; 

FIG.9A illustrates another subcarrier reverse transmit power control system according to this embodiment and 
30 shows an example of a relationship between frequency and pilot reception levels; 

FIG.9B also illustrates a further subcarrier reverse transmit power control system according to this embodiment 
and shows an example Ot a relnllunship between frequency and data transmit powor; and 
FIG.9C illustrates a still further subcarrier reverse transmit power control system according to this embodiment 
and shows an example of a relationship between frequency and data reception power. 

35 

Best Mode for Carrying out the Invention 

[0036] An essence of the present invention is to carry out transmission based on an MC-CDMA system, avoiding 
transmlSSionthroughsuDcarnersoflowrecepliuri quality with no transmit power assigned (tranomiooion OFF) and bg- 

40 signing the corresponding transmit powor to subcarriers with transmit power assigned (transmission ON) (subcarrier 
transmission ON/OFF control). Another essence of the present invention is to carry out transmission based on an 
MC-CDMA system or OFDM system, according to the reception levels of subcarriers on the receiving side, with greater 
transmit power assigned to subcarriers with higher reception levels and smaller transmit power assigned to subcarriers 
with lower reception levels (subcarrler reverse transmit power control). 

45 [0037] With reference now to the attached drawings, embodiments of the present invention will be explained in detail 
below. 

(Embodiment 1) 

so [0038] FIG.3 is a block diagram showing configurations of a multicarrier transmission apparatus and a multicarrier 
reception apparatus according to Embodiment t of the present invention. 

[0039] The multicarrier transmission apparatus (hereinafter simply referred to as "transmitter") 100 shown in FtG.3 
Is provided with a spreading section 102, a serial/parallel conversion (S/P) ocction 104, a tranemleeion control section 
106, a power control section 1 0B, an inverse fast Fourier transform (IFFT) section 110, a parallel/serial conversion (PI 
S5 S) section 112, a guard interval (Gl) insertion section 114, a transmission RF section 116, a transmission/reception 
duplex antenna 11 8, a reception RF section 120, an ON/OFF information extraction section 122 and a earner selection 
section 124. The transmitter 100 is mounted, for example, on a base station in a mobile communication system. 
[0040] On the other hand, the mufticartier reception apparatus (hereinafter simply referred to as "receiver") 200 
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cation sysS receiver 200 Is mounted, for example, on a mobf.e station apparatus in a mobile communJ- 

SnS tr f nS ^ i,ler 1 00 and the rece iver 200 constitute, for example, an MC-CDMA-baeod transmitter/reiver 

SS I™' "?* tai ' S ° f thG MC - CDMA Sy5tem Wi " be ex ? ,ained usin 9 F 'G-4 and FIG 5 lrQn3m ' Mer/rece * ve <- 

the way, the ^number of subcarners need not always coincide with the number of spreading codes Furthermore thouar^ 
Sir?' -h" 9na ' iS Pr ° Vided W " h P " 0t Si9na,S < kn0W " Si 9 nals > for each -bcarrier FUrthemi0re ' th ° U9h 

5J,?Tm a<X ; 0rding ,0 MC - CDMA svstem . each subcarrier is OFDM-modulated to become an crthoa- 
WouohTh^F^ 9n 3fter seriaWfiM convers '°" ™ transmitted after being subjected to S^SoSK 

[0046] First, the spreading section 102 of the transmitter mo spreads data symbols ueina their ^ mwa ,„ 

numh J? ! »h t senal/parallel-converts the spread signal (serial signal) to parallel signals corresponding 

oo«T rle S 8 fT re ° UtPUtS the Para " el Si9 ^ alS 0btained t0 the Emission controi section c? ° 
[004O] The transrntesior, coniroi seaion iue controls transmission ON/OFF of each subcarrie so that suhr»m 0re 
Wrth transmission OFF designation selected by thecarrter selection section 124 S^suSwto^ttSSZ; 
power is assigned) are not transmitted and the power control section ,08 £Si ^ 

rr.iss.on , con rol section 106 and controls transmit power of each subcarrior so that a total powc o luZZ ior» lo bl 

^^::^^itT mes equai to normai transmit power - That p~^^:t 

earners with transmission OFF de Sl gnat,on with no transmit power assigned is assigned to subcarriers wkh transmission 
It?" Wrt ? tranSmit P ° Wer ass '9" ed - ^ this time, assuming that P suborners la^SZS^Z 
Z nor^a tT r " lp0Wer °' eacri Lanier to betransmWed becomes, when equipartitionad 9 for example N/(N p 
onTevrZ it T P °™ ' *** ^ ^ tW ThiS CaUSG8 the sum tote ' * transmit power for a U onto ^pe 

earner t ► ?u f qUa ' t0 in th9 CaSe Where transmission ON/OFF control is not caLd out on each sub 

SignJooSn^t:;: 1 oStrrr the para,,ei signa,s after the ifft ~° - 

f^ra^ 9U8rd int6 ^ S int ° thS ^ - - P/S section 112 to improve 

Sved mrorhThe^nlnfJn; ^ aPP ' i8S prede,ermined radi ° P ro ^ssing such as down-conversion to the signa. 

202> ^ Si9na ' (baS6band Si9nal) ° f th6 ™»™ RF — ■« 204 output to 

Son^F ^^^^^^ " ^ +"> " - 
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[0056] The S/P section 208 serial/parallel-converts the output signal (serial signal) ot the Gl elimination section 208 
to parallel signals corresponding in number to the subcarriers and outputs the parallel signals to the FFT section 210. 
[0057] The FFT section 210 subjects the output signals of the S/P section 208 to fast Fourier transform (FFT), con- 
verts the signals trom a time domain to a frequency domain (that is, convene them to components for their respective 
a subcarriers) and then outputs the signals to the channel compensation section 212 and reception power detection 
section 218. 

[0058] At this time, the channel compensation section 212 estimates a channel based on pilot signals (known signals) 
included in the received signals and compensates the channel based on this estimated value. The signal after the 
channel compensation is output to the P/S section 214. 
w [0059] The P/S section 214 parallel/serial-converts the signals (parallelsignafs) after the channel compensation to 
a serial signal and outputs the serial siynal obtained to the dcapreading oootion 216. 

[0060] The desproading section 216 despreads the output signals of the P/S section 214 with the same specific 
spreading code as that on the transmitting side and obtains desired reception data. 

[0081] On tha other hand, the reception power detection section 21 8 receives the output signal of the FFT section 
15 210 and detects the reception levels (reception power here) of pilot signals for each subcarrier signal. The detection 
result of the reception power detection section 21 a is output to the ON/OFF information generation section 220 as 
reception quality information of each subcarrier. 

[0062] The ON/OFF inTormailon generation section 220 generates information on whethcrtranemit power ie assigned 
to each subcarrier or not based on the detection result of the reception power detection section 218, that Is, transmission 

20 ON/OFF information for each subcarrier. More specifically, when, for example, one symbol is spread over N subcarriers 
with a spreading factor N in the frequency axis direction, trie ON/OFF information generation section 220 selects P 
subcarriers of relatively low reception quality from among the N subcarriers and sets them to transmission OFF. Here, 
P denotes the number of subcarriers not to be transmitted with no transmit power assigned and is a preset value. That 
is, in this case, the number of subcarriers (P) to be set to transmission OFF is preset and P subcarriers of lower 

23 reception quality are selected from among the N-chlp signals obtained by spreading one symbol with a spreading factor 
N and set to transmission OFF. This ensures that (N-P) subcarriers per symbol are sent, making it possible to eliminate 
symbols to be completely setto transmission OFF and thereby efficiently transmit information while keeping the number 
of transmission bits constant. 

[0063] Thus, this embodiment selects subcarriers of relatively low reception quality. For example, in the example 
30 shown in FIG.6A, subcarrier #1 1 Is set to transmission OFF though it has better reception quality than subcarrier #28. 
This is because two subcarriers (P=2) with low reception levels are selected to be set to transmission OFF from among 
subcarriers #9 to #1 6 (N=8) which make Up the second symbol. 

[0064] In this case, the value of P Is set to a value that satisfies the following Expression 1 : 

2 (N P " 1) 2 N (Expression 1) 



This allows (N-P) subcarriers to combine N or more types of spreading codes, prevents signals spread by different 
spreading codes from having the same waveform and ensures that the receiving side separates signals with different 
spreading codes. 

[0065] For example, in the case of quadruple spreading (N=4), P that satisfies, 2( 4 - fM > £ 4 is P<2, and therefore P=1 , 

which mean* thnt only one auboarrior can bo oot to transmission OFF. 

[0066] More specifically, in the case of quadruple spreading, suppose two subcarriers are set to transmission OFF. 
At this time, thore are four codes 1111, 1100, 1001 and 1010 in quadruple spreading, but If two subcarriers are setto 
transmission OFF, these four codes become -1 1 , -00, --0 1 and -1 0, respectively. Thus, a signal obtained by spreading 
signal "1 " using code 1 and another signal obtained by spreading signal "0" using code 2 become completely the same 
transmission signal and the receiving side cannot separate them. 

[0067] On the other hand, in the case of quadruple spreading, suppose only one subcarrier is set to transmission 
OFF. At this time, there are four codes 1111, 1100, 1001 and 1010 in quadruple spreading, but if one suhrarriesr is set 

to transmission OFF, these fourcodes become -1 1 1 , - 1 00, -001 and -01 0, respectively. Thus, none of a total of 8 codes 
which include these 4 codes plus 4 codes -000, -01 1 , -1 1 0 and -1 01 obtained by inverting these 4 codes coincides with 
any of other codes, which prevents data with different spreading codes from becoming the same signal during spread- 
ing. Therefore, when N=4, P<2 Is the essential condition. 

[0068] The output signal of the ON/OFF information generation section 220 (transmission ON/OFF information for 
each subcarrier) Is subjected to predetermined radio processing such as up-conversion by the transmission RF section 
222 and then sent by radio from the antenna 202. 

[0069] Then, the transmitter 100 receives the signal sent by radio from the receiver 200 through the antenna 118 
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and outputs the signal to the reception RF section 120 



*"*r""" ■ " oewiun i^u. 

«m Z f , ?• ^ tWS emt,ofl,ment ' trie transmission ON/OFF information for each subcarrieThas a smaller 

^receiver to the transmrtter and the transmitter alone can decide transmission ON/OFF information for each sub- 

[0075] Furthermore, according to this embodiment, the P value uced bv the ON/orr ^t^^- 

220 of the receiver 200 is preset, but the present invention is not ^S^Z^STp va Z may" aT be" 

f^edadaptively.lnthiscaseJhePvaluem^^^ 

tnaun^^ 

level for QAM demodulation, etc., and thereby perform QAM demodulation ecogn.ze a reterence 

thi f r b °*T l tranSmitter 100 IS m ° Unted 00 the base white the 

1 nn , IS K mOUn,ed °? ,he mob,,e 6tat,on - but the P'^onl invention ia not limited to this. For sab, . rple me transmitter 

0077^ V fII m ° U t °" m ° bile Stati0n ' White the rec9i - r2 ^ be mounted on the base s tation 
{Embodiment 2) 

bf^med 6 C ° mPOnen,S a ' 9 M5 ' 9nea ' he Same "*""<» e^hmaditt W w»l 

FiSiLS '?TV "?* < "" b ° d ™-""»™ i «« m .ube«,i«, lm„. m « conlrol w „»iu. ,„«, ccnvanilonal svstem 

IOOBOJ Here, the transmitter 300 and the receiv«r 4nn also constitute an Mc CDMA haeoH imn™»t , 
receiver 400 is mounted on a mobile station apparatus in a mobile communication system. 
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[0081] Then, characteristic operations of the transmitter 300 and the receiver 400 will be explained using FIG.8A 
and FIG.8B. FIG.8A and FIG.8B illustrate a subcarrier reverse transmit power control system applied to this embodi- 
ment. „ 
[0082] me transmit power control section 108a ol the transmitter 300 controls transmit power of each subcarrier 

s according to a notification from the receiver 400 so that subcarriers with greater reception power (that Is, higher re- 
ception levels) are sent with greater transmit power and subcarriers with smaller reception power (thai is. lower recep- 
tion IpvbIs) are sent with smaller transmit power (see FIG.8A and FIG.8B). More specifically, assuming that reception 
power of a subcarrier #k Is Hk, the transmit power of the subcarrier #k is set to power proportional to the reception 
power Hk so that a total value of transmit power of all subcarriers per one symbol becomes constant. At this time, the 

10 reception power information extraction section 302 extracts reception power information for each subcarrier sent from 
the receiver 400 and notifies it to the transmit power dcoioion coction 304, and the transmit power decision section 
304 decides transmit power of each subcarrier based on the reception power information for each eubcerrier and 
instructs it to the transmit power control section 1 08a. 

[0083] By the way, in order to compensate for power variations in a propagation path (see FIG.1 C), the conventional 
15 system controls transmit power of subcarriers so that the transmit power becomes 1/Hk times, that is, a reciprocal of 
the reception power Hk (see FIG. t A and FIG.1B). 

[0084] On the other hand, the reception power detection section 218 of the receiver 400 receives the output signal 
Of the FF'I section 210, detects the reception level of a pilot signal (here, reception power) and then outputs it to thfi 
reception power Information generation section 402. 
20 [0085] The reception power information generation section 402 generates reception power information for each sub- 
carrier based on the detection result of the reception power detection section 21 8. More specifically, assuming that the 
reception power of a subcarrier #k Is Hk, the value of this Hk is notified to the transmitter 300 as the reception power 
information. 

[0086] At this time, it is also possible to normalize the reception power over a one-symbol section and notify infor- 
ms mation indicating a state of relative power in Hie one-symbol section. That ia, assuming that a eproading factor is N, 
the normalized power information Hknorm is given by the following Expression 2: 



Hknorm=Hk/(£Hk) ... (Expression 2) 



This can reduce the dynamic range of notification information. It also allows the transmitter 300 to keep constant a 
total value of transmit power of all subcarriers that make up a certain one symbol. 

35 [0087] Thus, this embodiment based on an MC-CDMA carries out transmission according to the reception levels 
(reception power) of subcarriers of the receiver 400, with greater transmit power assigned to subcarriers with greater 
reception power and smaller transmit power assigned to subcarriers with smaller reception power so that a total value 
of transmit power of all subcarriers per one symbol becomes constant, and can thereby control total transmit power 
per one symbol to a normal level, receive signals efficiently amplified In a propagation path and improve the information 

40 transmission efficiency and reception performance. 

[0088] For example, when the system corresponding to this embodiment shown in FIG.9A to FIG.9C is compared 
to the conventional system shown In FIG.IAto FIG.1C. even if the transmit power remains the same (see FIG. 9B and 
FIG. 1B) for the same reception level information (see FIG. 9A and FIG.1 A), this embodiment can provide greater total 
reception power than that of the conventional system shown In FIG.1 C as shown in FIG.9C. 

45 [0089] By the way, this embodiment has described subcarrier reverse transmit power control based on an MC-CDMA 
system, but the system to which subcarrier reverse transmit power control Is applicable Is not limited to this. For ex- 
ample, the subcarrier reverse transmit power control is also applicable to any multicarrier modulation system combined 
with a CDMA system and the subcarrier reverse transmit power control is further applicable to a simple OFDM system, 
too. 

so [0090] As described above, the present invention can implement a subcarrier transmission ON/OFF control system 
based on an MC-CDMA system capable of Improving information transmission efficiency and reception performance 
while keeping the number of transmission bits constant. 

[0091] Furthermore, the present Invention can also implement a subcarrier reveise uansmit power control system 
based on an MC-CDMA system capable of improving information transmission efficiency and reception performance. 
[0092] Furthermore, the present invention can also implement a subcarrier reverse transmit power control system 
based on an OFDM system capable of. improving information transmission efficiency and reception performance. 
[0093] This application is based on the Japanese Patent Application No.2001-214545 filed on July 13, 2001 , entire 
content of which is expressly incorporated by reference herein. 
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industrial Applicability 



Claims 

' 1 " aPP3ratUS that ^ ° Ut radi ° " by spreading signals In a frequency 

SrrieSTin^ thflt aSSi9nS i ra " Smit P° Wer for learners with no tranomK power assigned, to sub- 

2. A multicarrier transmission apparatus according to claim 1 , wherein said acquisition section performs said assian- 
ment so that the total data transmit power Is kept constant. penorms said assign- 

3. A multicarrier transmission apparatus according to claim 1 . wherein subcarrierG with no transmit power assianed 

wllr, KlTiE ° f SUbCarri6rS ° f re ' atiVely ' 0W r0Cepti0n qUalfty f ° r each ^ - sXa 
SIh T h k PS corres P° ndin 9 ln num ber (N) to a predetermined spreading factor (N) are respectivX as 
signed obtained by spreading each symbol with said predetermined spreading factor in the requency aTdTect^ 
and the sub.a.riers wltn transmit power assigned are transmitted with transmit power multiplied by NAN-pSs 

4 ' wirrIn C t arrier tr f nSmission Watus according to claim 3, wherein the number <P) per one symbol of subcamers 
with no transmit power assigned is adoptively changeable. 7 ^earners 

5 " l7no C t^I a Z iSSi ° n aPPa ; 8tUS 8CCOrdin9 10 C ' aim 3 ' WherSin the nUmber (P) ? er one s V mb °' of •ubcanlen, 
with no transmrt power assigned is set to a value that satisfies the following expression: 

2 (n-p-D sn 

6. A multicarrier transmission apparatus according to claim 1 , wherein said acquisition section comprising: 

ZXZZ^ISSZ^ qUa,ity ° n ,he rQCepti °" ^ °< each ~ 

7 ' t7,™Tj T tranSnniSSi ° n apparatus accordi "9 ,0 cla ™ 1 ■ wherein said acquisition section comprises a reception 
sectton that receives sari assignment presence/absence information decided on the receiving side. 

8. A multicarrier transmission apparatus according to claim 1 , wherein said acquisition section comprising: 

a first estimation section that estimates a delay profile of a received signal- 

a second estimation section that estimates the reception quality information on the reception quality of each 
subcarner using the delay profile estimate- by said first estimation section- and 

9 " ac^^ 

^estimation section that estimates reception quality information on the reception quality of each subcarner; 
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a transmission section that transmits the reception quality information estimated by said estimation section. 

10. A multicarrier reception apparatus that carries out radio communication with a multicarrier transmission apparatus 
according to claim 7, comprising. 

5 

an estimation section that estimates reception quality information on the reception quality of each subcarrier; 
a decision section thai decides assignment presence/absence information on whether transmit power is as- 
signed to each subcarrier or not based on the reception quality information estimatedby said estimation section; 
and 

w a transmission section that transmits the assignment presence/absence information decided by said decision 

section. 

11. A base station apparatus comprising a multicarrier transmission apparatus according to claim 1 . 
>5 12. A mobile station apparatus comprising a multicarrier reception apparatus according to claim 9. 

13. A mobile station apparatus comprising a multicarrier reception apparatus according to claim 1 0. 

14. A mobile station apparatus comprising a multicarrier transmission apparatus according to claim 1 . 

20 

15. A bone station apparatus comprising a multicarrier reception apparatus according to claim 9. 

16. A base station apparatus comprising a multicarrier reception apparatus according to claim 10. 

25 17. A multicarrier radio communication melhud for a multicarrier transmission apparatus that carries out radio com- 
munication by spreading signals in a frequency axis direction, comprising: 

an acquisition step of acquiring assignment presence/absence information on whether transmit power is as- 
signed to each subcarrier or not; and 
30 an assignment step of assigning transmit power for subcarriers with no transmit power assigned, to subcarriers 

with transmit power assigned, based on the assignment presence/absence information acquired in said ac- 
quisition step. 

18. A multicarrier radio communication method according to claim 17, wherein In said acquisition step, said assignment 
as is carried out so that the total data transmit power is kept constant. 

19. A multicanier radio communication method according to claim 17, wherein subcarriers with no transmit power 
assigned are a preset number (P) of subcarriers of relatively low reception quality for each symbol among subcar- 
riers to which Signals 0T chlp3 corresponding In number (N) lo a piedeteimined spreading factor (N) ore respectively 

40 assigned obtained by spreading each symbol with said predetermined spreading factor in the frequency axis di- 

rection and the subcarriers with transmit power assigned are transmitted with transmit power multiplied by N/(N-P) 
times 

20. A multicarrier radio communication method according to claim 19, wherein the number (P) of subcarriers with no 
45 transmit power assigned per one symbol is adaptiveiy changeable. 

21 . A multicarrier radio communication method according to claim 19, wherein the number (P) of sub-carriers with no 
transmit power assigned per one symbol is set to a value that satisfies the following expression: 

22. A multicarrier radio communication meihod according to claim 17, wherein said acquisition step comprising: 

35 a reception step of receiving reception quality information on the reception quality of each subcarrier estimated 

on the receiving side; and 

a decision step of deciding said assignment presence/absence information based on the reception quality 
information received in said reception step. 
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24. A m„m«,,rier radio compunction method according to Cairn 17, wherein sa,d acquisition step comprising, 
a first estimation step oJ estimating a delay profile of a received signal- 

25 ' c«r a ^^ f°ra multicarrier reception apparatus that carries out radio communi- 

c.2 22 ccmp rising ,6S '° n BPP "* M * radi ° —nation method according to 

an estimation step of estimating reception quality Information on the reception quality of each subcarrier and 
a transm.ss.on step of transmitting the reception quality information estimated in said estimation sTep 

26 ' o^lZZ^rZZT^T meth ° d 8 mU ' tiCarrier reC6pti0n apparalUS ,ha « ca ™ s out radio communi- 
S^SSSS !' ,SS,0 " a PP aratususi "^-^tic a rne r radiocommunicationmethodaccordin g toclaim 

rcS^STdiS^ recep , tion qua, " y information on ,he recep,ion « uan * 0f each subca ^ 

to aThTubSriir n 7? ass ^ nment Presence/absence information on whether transmit power Is assigned 
1 ,1 subcarn ° r 01 base * on the reception quality information estimated in said estimation step- and 
a iransmiss.on step of transmitting the assignment presence/absence information decided in sa!d LTsL 

27 ' ZSSSZ. ~g°r 3PPara,US ** C ^ ieS ° Ut radi ° * jading signals in a frequency 

"ceMnts!d"a"d U ° n aCqUIr6S reCePt '° n ' eVe ' im0rniati0n ° n 8 reCepti ° n leVel of each subcarris ' on «» 
a control section that controls transmit power of each subcarrier based on the reception level information 

SSI? T acquisili r section so ,hat subnarriers with hishsr *~ u 

power and subcarners with lower reception levels have smaller transmit power. 

28. A multicarrier transmission apparatus according to claim 27, wherein said control section carries out said subcarrier 
t.an s ,nu power contro. so that a tota, vaiue o. transmit power of all subcarriers per one T^o^^t 

""'aZ^c^ 

a detection section that detects reception level Information on a reception level of each subcarrier- and 
a transm^on section that transmits the reception qua.rty information detected by said detain section. 

30. A base station apparatus comprising a multicarrier transmission apparatus according to claim 27. 

31. A mobile station apparatus comprislno a multicarri fi r reception apparatus according to claim 20. 

32. A mobile station apparatus comprising a multicarrier transmission apparatus according to claim 27. 

33. A base Nation apparatus comprising a multicarrier reception apparatus according to claim 29. 

34. A multicarrier radio communication method for a multicarrier transmission apparatus that carries out radio com 
rr.unicat.on by spreading signals in a frequency axis direction, comorisina 

an acquisition step of acquiring reception level information on a reception level of each subcarrier on the 
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receiving side; and ...... • ^ 

a control step of controlling transmit power of each subcarrier based on the reception level information acquired 
In said acquisition step so that subcarriers with higher reception levels have greater transmit power and sub- 
carriers Willi lower reception levels hove omaller transmit power. 

35 A mullicarrier radio communication method according to claim 34, wherein In said control step, said subcarrier 
transmit power control Is earned out so that a total value of transmit power of all subcarriers per one symbol is 
kept constant. 

36. A multicarrier radio communication method for a multicarrier reception apparatus that carries out radio communi- 
cation wlthamullicHiiiertransmisaion apparDtuo uoingamulticarriorradiocommiinicfltlon method according to claim 
34, comprising: 

a detection step of detecting reception level information on a reception level of each subcarrier; and 
a transmission step of transmitting the reception quality information detected in said detection step. 

37. A multicarriertransmission apparatus that carries out radio communication based on an OFDM system, comprising : 

an acquisition section that acquires reception level information on a reception level of each subcarrier on the 
receiving side: and 

a control section that controls transmit power of each subcarrier based on the reception level information 
acquired by said acquisition section so that subcarriers with higher reception levels have greater transmit 
power and subcarriers with lower reception levels have smaller transmit power. 

38. A multicarrier transmission apparatus according to claim 37, wheroin 6aid control section carries out said suhcarrier 
transmit power control so that a total value of transmit power of all subcarriers per one symbol is kept constant. 

39. A multicarrier reception apparatus that carries out radio communication with a multicarriertransmission apparatus 
according to claim 37, comprising: 

a detection section that detects reception level information on a reception level of each subcarrier; and 
a transmission section that transmits the reception quality information detected by said detection section. 

40. A base station apparatus comprising a multicarrier transmission apparatus according to claim 37. 

41 . A mobile station apparatus comprising a multicarrier reception apparatus according to claim 39. 

42. A mobile station apparatus comprising a multicarriertransmission apparatus according to claim 37. 

43. A base station apparatus comprising a multicarrier reception apparatus according to claim 39. 

44. A multicarrier radio communication method for a multicarrier transmission apparatus that carries out radio com- 
munication based on an OFDM system, comprising: 

an acquisition step of acquiring reception level information on a reception level of each subcarrier on the 
recelvlny side; and 

a control step of controlling transmit power of each subcarrier based on the reception level information acquired 
in said acquisition step so that subcarriers with higher reception levels have greater transmit power and sub- 
carriers with lower reception levels have smaller transmit power. 

45. A multicarrier radio communication method according to claim 44, wherein in said control step, said subcarrier 
transmit power control is carried out so that a total value of transmit power of all subcarriers per one symbol is 
kept constant. 



46. A multicarrier radio communication method for a multicarrier reception apparatus that carries out radio communi- 
cation with a multicarriertransmission apparatus usingamulticamenadiocommunication methodaccording to claim 
44, comprising: 
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a ^te^D d ^ g JT P ; h 0n ' eVel inf0rmati ° n ° n 3 r9Cepti0n tevel ° f each subca ™: and 
transmrssion step of transmitting the reception quality information detected in said detection step. 
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